Ultraviolet-B (UVB) radiation induces the formation of reactive oxygen species (ROS) and depletes stores of cellular antioxidants. Fucoidan, polysaccharides containing L-fucose and sulfate ester groups, are constituents of brown algae. In this study, the protective effects of fucoidan on UVB-induced oxidative stress in cultured human skin fibroblast HS68 cells were assessed. Pretreatment with fucoidan significantly reduced malondialdehyde (MDA) content in a dose-dependent manner. With fucoidan pretreatment at a dose of 100 μg/ml, the level of intracellular glutathione was increased by 21.5%, compared to UVB irradiation alone. Fucoidan significantly reduced UVB-induced ROS generation by 40.1% and 68.4% at 10 and 100 μg/ml, respectively, compared to UVB irradiation alone. The positive staining rates of senescence-associated β-galactosidase were reduced by 23.1% and 16.4% with 10 and 100 μg/ml of fucoidan, compared to UVB irradiation alone. Fucoidan may exert a photoprotective effect against UVB radiation-induced oxidative stress. The skin is constantly and directly exposed to the environment. Thus, the exposure of the human skin to UVB radiation results in the depletion of cutaneous antioxidants, including superoxide dismutase (SOD), catalase (CAT), and glutathione (GSH), the deregulation of gene expression and, ultimately, to the development of skin disease [6] . UVB radiation generates reactive oxygen species (ROS), which results in the creation of cellular oxidative stress conditions. ROS and free radicals are highly reactive oxygen metabolites, and The following parameters were utilized to monitor of the effects of fucoidan on UVB-irradiated human fibroblast cells:
dans have been extensively studied, owing to their numerous biological activities, including anti-coagulant, anti-thrombotic, anti-inflammatory, anti-tumor, and anti-viral effects [4] .
The principal objective of this study was to assess the antioxidative effects of fucoidan through UVB-induced malondialdehyde (MDA), GSH, ROS, and senescence associated β-galactosidase (SA β-gal) assays, using the human skin fibroblast HS68 cell line. 
Materials and Methods

Ultraviolet irradiation and fucoidan treatment
For treatment, the HS68 cells were maintained in culture media without FBS overnight and followed by 24 hr of fucoidan pretreatment. The cells were then rinsed twice in phosphate-buffered saline (PBS), and all UVB irradiations were conducted under a thin layer of PBS. Non-irradiated cells were similarly treated in parallel, and were maintained at room temperature. UVB irradiation was conducted using a Philips TL 20W/12RS fluorescent sun lamp (Amsterdam, Holland), which provided radiation in a range of 285-350 nm with an emission peak at 310-315 nm. The cells were then exposed to a 100 mJ/cm 2 dose of UVB light. Following UVB irradiation, the PBS was removed, serum-free medium with fucoidan was applied and the cells were subsequently incubated for 24 hr at 37 o C.
The following parameters were utilized to monitor of the effects of fucoidan on UVB-irradiated human fibroblast cells:
MDA levels, GSH levels, ROS generation, and SA β-gal.
Measurement of MDA levels
The concentration of MDA (nmol/ml) was determined via a modified version of the method developed by Ohkawa et al. [18] . After the application of UVB irradiation, the HS68 cells were cultured for 24 hr in 100 mm tissue culture dishes. 
Measurement of intracellular ROS generation
The oxidation-sensitive fluorescent probe, DCF-DA, was used for the analysis of intracellular ROS generation, as previously described [1] . The polar, pre-fluorescent DCF-DA undergoes deacetylation by cytosolic esterases to form DCF-DA, which reacts with ROS and gives rise to fluorescein.
In order to measure the levels of ROS production levels, HS68 cells were exposed to UVB irradiation after 24 hr of SA β-gal staining SA β-gal staining was conducted in accordance with the methods described by Yang and Hu [19] . In brief, the cells, which were pretreated with fucoidan and UVB irradiation, (Fig. 1) . However, fucoidan significantly reduced MDA content by 20.8%, 24.6%, and 31.4% at 1, 10, and 100 μg/ml, respectively, compared to UVB irradiation alone (p＜0.05). 
Effect of fucoidan on intracellular GSH levels
The intracellular GSH level was reduced to 16.7% by UVB irradiation (100 mJ/cm 2 ) in HS68 cells, as compared to the UVB non-irradiated group (Fig. 2) . However, with fucoidan pretreatment at a dose of 100 μg/ml, the levels of intracellular GSH was increased by 21.5% as compared to the UVB irradiation only group (p＜0.05).
Effect of fucoidan on ROS generation
ROS production was evaluated via the DCF-DA method.
UVB induced an increase in intracellular ROS as compared to the UVB-non-irradiated group (Fig. 3) . Fucoidan significantly reduced UVB-induced ROS generation by 40.1%
and 68.4% at 10 and 100 μg/ml, respectively, compared to 
Discussion
UV radiation penetrates readily into dermal tissue and has been confidently and consistently implicated in the aging of skin. Therefore, human dermal skin fibroblasts are considered to be a useful model for investigation of the effects of antioxidants on UV-induced skin photoaging [17] .
UVB interacts with cellular chromophores and photosensitizers, resulting in the ROS generation, DNA damage, and the activation of cytoplasmic signal transduction pathways, which are associated with growth, differentiation, replicative senescence, and the degradation of connective tissue [9] . According to many researchers, UVB induces a dramatic dose-dependent reduction in intracellular GSH, intramembrane vitamin E, and membrane fluidity, in addition to an increase in MDA levels [3, 16] .
In this study, the MDA contents of cells, employed herein as a marker of lipid peroxidation [11] , was elevated as the The GSH content was reduced significantly in the UVB-irradiated cells, whereas fucoidan also inhibited the UVB-induced decline in GSH content in the skin fibroblasts. The results of the current study suggest that the initial depletion of GSH by UVB induces an increase in ROS production. As GSH is the principal antioxidant system in the cells, the depletion of GSH may profoundly affect cell death as the result of ROS accumulation in UVB-irradiated cells [14] . UVB radiation is a potent inducer of apoptosis. UVB-mediated nuclear DNA damage has been identified as the primary molecular trigger for the induction of apoptosis. Recently, UVB-generated ROS has been demonstrated to perform an additional function in the execution of apoptotic cell death [20] . In culture and in vivo biopsy, SA β-gal was measured in a variety of cells and tissues in order to assess the onset of cell senescence [19] . Eukaryotic β-galactosidase is a hydrolase localized in the lysosome, which cleaves β-D-galactose residues in β-D-galactosides. In 1995, one report suggested that the senescent cells express a specific type of the enzyme β-galactosidase referred to as SA β-gal which has an optimal pH at 6.0 [7] . Thus far, the SA β-gal assay has become one of the most commonly used markers of cell aging in vitro, especially as the result of factors such as sublethal oxidative stress [8] . In this study, fucoidan was shown to reduce SA β-gal activity, and we confirmed that it performs an important function in the retardation of senescent fibroblast accumulation in human skin.
These results suggest that fucoidan may exert a photo-protective effect against UVB radiation-induced oxidative stress.
